A search for the D 0 → π + π − µ + µ − decay, where the muon pair does not originate from a resonance, is performed using proton-proton collision data corresponding to an integrated luminosity of 1.0 fb −1 recorded by the LHCb experiment at a centreof-mass energy of 7 TeV. No signal is observed and an upper limit on the relative branching fraction with respect to the resonant decay mode D 0 → π + π − φ(→ µ + µ − ), under the assumption of a phase-space model, is found to be
The total branching fraction for these decays is expected to be dominated by long- 
at 90% CL by the LHCb collaboration [6] .
22
This Letter presents the result of a search for the 
51
The trigger [10] consists of a hardware stage, based on information from the calorimeter 52 and muon systems, followed by a software stage, which applies a full event reconstruction.
53
The hardware trigger selects muons with transverse momentum, p 
66
Simulated events for the signal, using a phase-space model, and the normalisation
mode, are used to define selection criteria and to evaluate efficiencies. The pp collisions are generated using Pythia 6. analysis algorithm is trained using simulated 
93
The BDT discriminant is used to classify each candidate. Assuming a signal branching 94 fraction of 10 −9 , an optimisation study is performed to choose the combined BDT and is chosen.
106
The bachelor π + of the D * + → D 0 π + decay is constrained to the PV using a Kalman filter [19] . This constraint improves the resolution for the mass difference between the D * + and the and high-m(µ + µ − ), respectively. The definitions of these regions are provided in Table 1 .
141
The D 0 mass and ∆m shapes for Range description are not correlated.
155
All the floating coefficients are allowed to vary independently in each of the m(
regions. Migration between the regions is found to be negligible from simulation studies.
157
The yield observed in the φ region is used to normalise the yields in the signal regions. 
Branching fraction determination

177
The
The yield and efficiency are given by N D 0 →π + π − µ + µ − and D 0 →π + π − µ + µ − , respectively, for the 180 signal channel, and by N D 0 →π + π − φ(→µ + µ − ) and D 0 →π + π − φ(→µ + µ − ) for the reference channel.
181
The values for the efficiency ratio
and high-m(µ + µ − ) regions, as estimated from simulations, are 0.24 ± 0.03 and 0.69 ± 0.11,
183
respectively, where the uncertainty reflects the limited statistics of the simulated samples.
184
The efficiencies for reconstructing the signal decay mode and the reference mode include 185 the geometric acceptance of the detector, the efficiencies for track reconstruction, particle efficiencies are also studied in data and systematic uncertainties are assigned.
192
An upper limit on the absolute branching fraction is given using an estimate of the estimates is used to assign a systematic uncertainty of 17% on B(
207
The above procedure to estimate B( is used to set an upper limit on the absolute D 0 → π + π − µ + µ − branching fraction.
212
A possible alternative normalisation, with respect to the ρ/ω dimuon mass region, would between simulation and data is found to a level of 1%, which is assigned as a systematic 221 uncertainty.
222
The particle identification performance for hadrons is investigated by comparing the an uncertainty of 5%. The BDT description in simulation is checked using background-
candidates where no significant difference is seen. Therefore,
232
no extra systematic uncertainty is assigned. The uncertainties on the efficiency ratio due to the finite size of the simulated samples and selection efficiencies, particularly in the signal regions. In addition, the statistical 244 uncertainties of the fitted yields in data, listed in Table 1 , dominate the total uncertainty.
245
The sources of uncertainty are summarised in Table 2 .
246
According to simulations, biases in the efficiency ratio introduced by varying the relative
are well within the assigned uncertainty. Varying the value of B(
has a negligible effect on the number of leakage events, and no additional systematic 250 uncertainty is assigned.
251
The systematic uncertainties affecting the yield ratio are taken into account when are fitted using the shapes obtained in the φ region, and from
− , but without any muon identification requirements.
259
The change in the result is negligible.
260
The absolute branching fraction limit includes an extra uncertainty of 21% from the 261 estimate of the branching fraction of the normalisation mode.
262
7 Results
263
The compatibility of the observed distribution of candidates with a signal plus background 264 or background-only hypothesis is evaluated using the CL s method [23, 24] , which includes beyond the scope of this first search.
288
Contributions for non-resonant to an integrated luminosity of 1.0 fb −1 at √ s = 7 TeV recorded by the LHCb experiment. 
